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(54) Intergrated circuit having unique lead configuration 

(57\ The present invention is generally directed to a 
an integrated circuit package (100) having a un,que lead 
coSation. wherein the integrated drcurt packagejs 
cSucTed irom a die (502) containing 
Scuit The die (502) has a plurality of leads (504) for 
ca' y ng electrical signals to and from the 'ntegrated c.r^ 
cu therein the plurality of leads are disposed over a 
Som Se 0. the die (502). The package further 
Ses a multi-layer substrate (506) having atleast rm 
signXe^The substrate (506) is juxtaposed against 
r die (502) and has a p« coma^iS^^^^^^^ 
nosed along a top side to align with the leads (504j or 
me^eto^rry the electrical signals to conductve paths 
:;S:rt;^e?tJastt«osignaUaye^.Tt.^^^^^^^^^ 
strata has a larger adjoining surtace area than the die 
and fi«^e? has a plurality of leads (520) disposed 
acrossXttom side tor connection with a pnnted circuit 
S (508) the on the bottom side being in commum- 
S S me leads of the top side by way ofthe con- 
duSJe paths disposed within the substrate. The leads 
fsS) Of thedie (S2) aredispos«i such that at leasUwo 
S'Seed rovis (620. 622) oHeads a- c,^^^^ 
parallel fashion near the center of the die (502). wherein 
fhe high speed rows (620. 622) are tor ^^"r^^ ^^'l^^^ 
quen^ electrical signals. At least two sets (6 7 619) of 
Z, speed rows of leads are disposedjn P^ral « Jash on 
nl the sides of the die. and spaced apart from the 
high speed rows. 




Description 

BACKGROUND OF THE INVENTION 
Raid of the Invention 



id . "^^^^e substrate, and thereby realize a 
low cost integrated circuit package. 

Discussion of ttie Related Art 

y lor inai circuit. While speed has alwa\/< k.»«« 

with small spherical lir^^of "f"*^*^ 
and from ; * «'ecfic signals to 

nar '^'^ "^^^^e. As is known, the pla 

affixed ThfJ? ? '"♦^'«'«* o'cuit die is 

«> to and from the crcuit die by way of smaller 
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leads on (he die. 

Chip {e,^.. more specifically the height and wid* olfhf 
and since system design must be mada frr^m IT! 

SUMMARY OF THE WVENTON 



Skilled in in ' " 10 "KM 

*sposed over a bottom side of the 5e Thl nl^ * f ^ 

*o <herincludesamulti.|ay6rsubZ«l!^ '^''^^^ 
signal layers Th« ^"'"9 ^"east Jwo 

a^instrdielSha?a o°2ra?f r ^"'^^^^ 
a'ongafopslderaltn^iSt^'^^^^^^^^^ 

strate has a laroer adioininn c,T ^ Package sub- 
and furmer ha?a oSrSn 'l^^ ^'^ 

'I'gh speed rowQ nf i^^^^ *«ast two 
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and the two rows of low-speed leads are symmetrically 
disposed in parallel relation (but spaced apart) to the 
high speed rows. Similarly, a second set of at least two 
rows of leads are symmetrically disposed in parallel 
fashion near a second side of the die, and the at least to 
rows of leads are symmetrically disposed in parallel 
relation (but spaced apart as well) to the at least tNO 
high speed rows. 

[001 0] In accordance with the preferred embodiment 
of the present invention, an additional plurality of leads 
are provided on the die tor carrying control signals, as 
well as power and ground signals. Preferably, the power 
and ground signal leads are dispersed near signal pads 
over the bottom surface of the die. whereas the control 
signals are grouped near one edge of the die. 
loom In accordance with another aspect of the 
present invention, a die is provided for an integrated cir- 
cuit package. In accordance with this aspect of the 
invention, the die includes a plurality of lead contacts 
disposed within a matrix area lor electrical connection 
with pads on a substrate. More specifically, the die 
includes a first plurality of lead contacts disposed in a 
column form near the center of the matrix area and a 
second plurality of lead contacts disposed in a column 
form near the center of the matrix area parallel and 
spaced apart from the first plurality of lead contacts. 
The die further includes a third plurality of lead contacts 
disposed in at least two columns located near a first 
edge of the matrix and in parallel relationship with the 
first plurality of lead contacts, and a fourth plurality of 
lead contacts disposed in a least two columns located 
near a second edge of the matrix opposite the first edge 
and in a parallel relationship with the second plurality of 
lead contacts. 

DESCRIPTION OF THE DRAWINGS 

100121 The accompanying drawings incorporated in 
and forming a part of the specification, illustrate several 
aspects of the present invention, and together with the 
desaiption serve to explain the principles of the inven- 
tion, in the drawings: 



FIG. 1 is a block diagram iftustrating the interposi- 
tion of a controller constructed in accordance with 
the present invention, between a processor and 
bank of memory devices; 

FIG. 2 is a schematic diagram illustrating the effect 
on latency of the physical distance of a conductive 
path within a die; 

FIG. 3 is a block diagram of a controller chip of the 
present invention; 

FIG. 4 is a side view of a conventional integrated 
circuit package as is known in the prior art: 
FIG. 5A is a side view of a flip chip type integrated 
circuit package; 

FIG. 5B is an exploded perspective view of the flip 
chip Integrated circuit package of FIG. 5A; and 



FIGS. 6A and 6B are diagrams illustrating the pre- 
ferred lead configuration of a die constructed in 
accordance with the invention, and illustrate several 
conductive paths on a first and second signal layer, 
5 respectively. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

10 [0013] Having summarized various aspects of the 
present invention, reference will now be n^ade in detail 
to the description of the invention as Illustrated in the 
drawings. While the invention will be described in con- 
nection with these drawings, there is no intent to limit it 

15 to the embodiment or embodiments disclosed therein. 
On the contrary, the intent is to cover all alternatives, 
modifications and equivalents included within the spirit 
and scope of the invention as defined by the appended 
claims. 

20 10014] Referring now to the drawings, FlQ. 1 shows a 
block diagram of a portion of a system utilizing a control- 
ler chip 100. constructed in accordance with the present 
invention. Although ttie concepts and teachings of the 
present invention may be readily extended to other 
25 types of circuit devices (functionally), the present Inven- 
tion was conceived in connection with a particular sys- 
tem design. In this regard, the present invention was 
conceived in connection with a controller circuit 100 that 
is disposed between a processor chip 102 and a bank of 
30 memories 1 04. In the system embodiment, the proces- 
sor 102 drives a high speed data bus 120 to communi- 
cate with memory 104. Specifically, the high speed data 
bus 120 is source synchronous bus that includes nine 
data bits and two strobe bits, arid has a data transfer 
35 rate of 250 f^Ts/sec. A source synchronous bus is a 
synchronous bus in that bus transfers are synchronized 
with other devices on the bus. However, rather than 
being synchronized with the other devices by way of a 
global clock, the source {i.e.. component driving the 
40 bus) also drives one or more strobe signals that ar e syn- 
chronized (by the source) with the data placed on the 
bus. to capture the data on the receive side. 
(00151 The controller circuit 100 Is interposed 
between the processor 102 and bank of memories 104 
45 and operates to divide sequential data transfers among 
a plurality of memory devices, In the preferred embodi- 
ment, four memory chips 106. 108. 1 10. and 112 are uti- 
lized. As will be appreciated, splitting (among memories 
,106. 108. 110. and 112) successive reads and writes 
50 between the processor 1 02 and memory 1 04 allows the 
bus speeds associated with each individual memory 
device to be slower. In the preferred embodiment having 
four memory devices 106, 108, 110, and 112, allows the 
bus speed to each memory device to be one-fourth the 
55 speed of the high speed bus. Therefore, each bus 1 22. 
124 126. and 128 has a maximum data speed of 62,5 
million transfers per second f^Ts/sec (or 125 MTs/sec. 
depending on the system configuration). As will be 
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appreciated, this allouvs tower cost memory devices to 
be used In implementing the system. 
10016] It was found during the system design, how- 
ever, that the data transfer rate on the high speed txjs 
120 presented latency problems for the controller cWd 
100. *^ 

[001 7J To better illustrate this latency problem refer- 
ence is briefly to FIG. 2. For simplicity, assume that a 
data signal from the high speed bus 1 20 enters the con- 
troller chip 100 at a lead 202. Typically a buffer or driver 
206 IS located near the lead 200 to drive the signal inter- 
nally within the controller chip 100. Similarly, assume a 
strobe s»gna/ from the source synchronous bus 120 
enters the controller 100 at lead 203. Ukewise, this 
strobe signal is passed through a buffer or driver 207 
The data signal is then latched into latch 210, using the 
strobe signal from the source synchronous bus. Regis- 
ters 212 and 216 synchronize the data with the chip s 
internal clock. 

[0018] Within the block 214 denoted as "logic", other 
operations may be perlbrmed by or upon the data sig- 
nai. At some point, however, the data signal will be 
placed on a low speed data bus (e.g.. 122) In this 
regard, the data signal exits the controller chip lOO via a 
iMd 204, Immediately before exiting the controller chip 
100. however, the data signal is driven by a buffer or 
driver 208. 

[001 9] While the logic 2l 4. surrounded by the regis- 
ters 212 and 216 generally defines the latency across 
the chip, the latency that is associated with the control- 
ler Chip 100 is also determined in part by the nunter of 
components within the chip (e.g.. 206. 208, 210 212 
214. and 216) (hat the signal must pass through. How^ 
ever, It is also determined in part by the physical length 
d that the signal must traverse within the controller 
chip 100. As will be appreciated, this path can be mod- 
eled as an Rc circuit. As the length "d" increases the 
values of the R and the C increase as well. With an 
increasing RC value, rise times and fall times of signals 
within the controller chip 100 are increased. As is 
known, nse and fall times must generally be constrained 
within a predetermined amount, to satisfy specifications 
or for other reasons. Accordingly, as the length "d" of the 
internal signal path of controller chip 100 increases, the 
latency of the chip increases as welL 
[0020] It is therefore a primary object of the present 
invention to design a controller chip 100 that reduces 
the worst case (i.e., the longest) signal path. 
[0021] Reference is now made to FIG. 3. which is a 
block diagram idusfrafing the functional aspect of the 
controller chip too of the preferred embodiment of the 
present invention. In short, the controller chip IQO 
includes a high speed internal signal path 220 that com- 
municates with the high-speed bus 120. and four signal 
paths 222. 224. 226. and 228 that communicate with the 
low-speed busses 122, 124. 126. and 128. A functional 
circuit block 230 is provided to perform the function of 
splitting up incoming data transfers over the high speed 



bus 220 into outgoing transfers over the low speed data 
busses 222. 224, 226. and 228. Convereely. the control- 
ler 100 also operates to receive incoirtno low speed 
transfers across busses 222. 224, 226. 228 and output 
s them over the high speed bus 220. It will be appreciated 
that the functional circuitry needed to provide this oper- 
ation will be understood and readily implementaUe by 
those of skill in the art, and therefore the details of the 
arcuitry 230 need not be described herein. 

10 [0022] Instead, the present invention is directed to a 
novel lead configuration of a die of an integrated circuit 
package that serves to minimize the worst case internal 
signal paths and therefore minimize the worst case sig- 
nal latency associated with the controller lOO To better 
'5 'I'ustrate the advancement of the presem invention ref- 
erence is first made to FIG. 4. which is a side view of an 
integrated circuit chip 400 as is known in the prior art 
Central to all integrated circuit chips is an internal" 
processing unit or die 402. The die 402 is positioned 
20 upon a package substrate 406. which may contain mul- 
tiple signal layers. As used herein, unless specifically 
noted otheniwise. the temi "substrate" refers to the pack- 
age substrate that underlies the die, and not to the sub- 
strate that the semiconductor die is grown upon 
25 (0023J Beneaththe8ubstrate406andopposifethedie 
402. are a plurality of leads 420. which serve to conduct 
signals to and from the integrated circuit device 400 
The package ol FIG. 4 is illustrated as being of a ball 
grid array (BGA) type circuit packet which has a matrix 
30 of spherically shaped leads 420. A printed circuit board 
408 IS also illustrated. As will be appreciated, a plurality 
of integrated circuit packages 400 may be disposed in 
various locations across the printed circuit board 408 
and interconnected by conductive paths contained upon 
35 or within the printed circuit boaiti 408. Hair-like bondino 
wires 410 and 412 serve lo conduct signals from the die 
402 to the substrate 406. The die 402 is encased 
against the substrate 406 by an over-mold conpound 

^ [0024] As illustrated, in conventional circuit conpo- " 
nents, the bonding wires were connected about the 
perimeter of the die 402 and extended therefrom As a 
result, the leads associated with the die 402 were gen- 
erally disposed about the perimeter of the die 402 Con- 
« sequentty. the distance "d" (see FIG. 2) was often equal 
to the height and width of the die 402. since a signal 
may have to travel completely across the die from the 
poi nt of entry to the point of exit. 
[0025] Flip chip technology, however, changed this In 
^ component is illus- 

trated in FIGS. 5A and SB. Uke the conventional pack- 
age, a flip chip package includes a central die 502 
disposed adjacent a substrate 506, which in turn is 
placed upon a circuit board 508. Again, the fBp chip 
55 ^ckage may. like the conventional package, form a 
BGA type leads 520 which are soldered or otherwise ' • 
bonded to the printed circuit board 508. Unlike the con- 
ventional chip, however, the flip chip includes a matrix of 
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leads or contacts 504 that electrically conned the die 
502 to the substrate 506. tn this regard, as the name 
Implies, the die 502 is flipped so that its circuit contacts 
can directly contact (without bonding wires) the sub- 
sirate 506. As itiustrated in the exploded-perspective s 
view of FIG. 5B, the leads 504 are attached to, for exam- 
ple solder pads 507. As shown, the leads are disposed 
in a matrix, across the entire surtace area of the die 502. 
In this way. with some consideration and forethought 
given to the lead layout, the dimension "d" for the signal io 
paths within the die 502 need not extend entirely across 
the pfiysical dimension of the die 502. 
[00261 Reference is now made to FIGS. 6A and 6B 
which illustrate a preferred lead layout of a die 502 of a 
controller chip 100. constructed in accordance with the is 
present invention. In accordance with the Pfe<e"«d 
embodiment of the present invention, the substrate 506 
is a multi-layered substrate (see FIGS. SAand 5B) hav- 
ing only two 8igI^a^ layers. In addition to the signal lay- 
ere power and ground layers are also provided, bu do 20 
not'form part of the present invention, and are therefore 
not discussed herein. As wilt be appreciated, as the 
number of substrate layers decreases, the cost associ- 
ated with the overall integrated circuit package 100 
decreases as well. Therefore, the lead layout of the ?5 
present invention not only realizes a reduced latency 
associated with the chip, but also provides for a mini- 
mum number of substrate layers, and thereby a cost_ 
effective circuit package. Accordingly. F GS. 6A and 6B 
not only illustrate the lead layout of the preferred 3o 
embodiment, but also illustrate the routing of condudive 
elements within the substrate 506. In this regard. FIG. 
6A illustrates the routing of conductive paths in a first 
signal layer, and FIG 6B illustrates the routing of certain 
conductive paths in a second signal layer. 3S 
[00271 As previously mentioned, the functional cir- 
cuitry of the present inventiorfwin be implementable by 
those of skill in the art, without a detailed discussion of 
its operation herein. Accordingly, the functional circuitry 
of the chip 100 has been designated merely by blocks 40 
602 and 604. Similarly, a block denoted as "Control Sig- 
nals" 606 is also shown. Within this general area, there 
are a number of control signals, as well as PW^r and 
ground signals transmitted between the die 502 and the 
substrate 506 (See FIGS. 5A and 58). The particular 4s 
layout of control signals is not deemed to form a part of 
the present inverrtioa and therefore specific reference 
to control signals will not be discussed herein. Prefera- 
bly, the control signals are generally grouped in an area 
near one edge of the die 502. " 
(00281 Moreover, it will be appreciated that as the con- 
cepts and teachings of the present invention are 
expanded into other types of circuit comionents (other 
than the controfler 100 of the preferred embodiment o 
the present invertior.). the number and types of control 55 
signals will differ. Accordingly, it is illustratively best to 
denote the control signals 606 in general terms herein. 
Ukewise. it will be appreciated that it is generally 



desired to provide a relatively large number of power 
and ground leads so that power and ground signals may 
be somewhat uniformly distributed across the leads on 
the surface of the die 502. Uka the control signals, the 
power and ground signals do not form part of the inven- 
tion, and therefore are not specifically illustrated herein. 
10029] Having stated the foregoing general com- 
ments reference is now made more particularly to FIG. 
6A In accordance with the preferred embodiment of the 
present invention, the controller 100 generally operates 
(functionally) to divide data received on the high speed 
transfer bus evenly among the four low speed data 
busses extending between the controller chip 100 and 
memory devices. Ukewise. the chip 100 operates in the 
reverse fashion taking data input from the four low 
speed busses and outputting them over a single high 
speed bus. As also mentioned previously, the busses 
are preferably nine data bits wide. 
100301 in the controller chip 100 of the preferred 
embodiment, there are actually four high speed busses 
610. 611, 612, and 613 that individually route to four 
groups of four low speed data busses 616. 617. 618. 
and 619 respectively. Recognizing the fact that a signal 
arriving to the die 502 on a low speed bus lead will not 
exit on another low speed bus lead, and similarly that 
signals arriving on a high speed bus lead will not exit on 
a high speed bus lead, the lead layout is designed 
accordingly In this regard, the high speed data bus 
leads were disposed in two parallel columns 620 and 
622 disposed near the center of the die 502, but spaced 
apart Through the space separating the two columns 
620 and 622 of high-speed bus signals, conductive 
paths couW be disposed allowing the signals carried on 
the high speed data leads to be conducted away from 
the die 502. In fact, the space separating the two col- 
umns 620 and 622 and separating each of the columns 
620 and 622 from the nearest low-speed bus column 
(eg column 622 and 624) is. preferably just wide 
enough to route all of the high speed signals to the 
leads on the bottom side of the package substrate. 
[0031] in this regard, and briefly referring again to 
FIGS 5A and SB. it will be appreciated that the conduc- 
tive paths 523 Illustrated in FIG. 6A are not actually car- 
ried on the die 502. but are actually routed on one of the 
signai layers of the substrate 506. In this regard, viw 
(not shown) align with the solder pads 507 (FIG. 5B) 
and penetrate directly into the substrate 506 to carry the 
signal on a given lead to either the first or second signal 

[00321 Ukewise. four columns of leads 624. 626, 628. 
and 630 are disposed near each edge of the die 502 
and in parallel relation to the columns 620 and 622 that 
carry the high speed data signals. 
[00331 To illustrate the specific routing of conductive 
paths within the substrate 506. a dotted ellipse 640 is 
shown in both FIGS. 6A and 6B near the lower left hand 
corner of the drawing. This ellipse surrounds four leads 
associated with a given bit (for example, bit 0) of the four 
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a88oelat«d tow-speed busses 641. 642. 643 and 644 
and one lead 645 of the associated high-speed bus" 
More particularly, lead 645 is associated with a high 
speed bus that encompasses nine data bits identified by 
he dotted ellipse 650 (FIG. 6B). Assume, for illustration 
hat lead 645 is associated with bit 0 of that data bus' 
bkewise leads 641, 642. 643, and 644 are associated 
with bit 0 for each of the four low speed busses associ- 
ated with the high speed bus 650. 
10034] Within the die (not package substrate), a con- 
ducive path (not shown) may connect the lead 645 with 

!l*J^!iI.*^°r*' ""''^''^'^ The functional circuitry 602 
must then be electrically connected to each of the leads 

t^'l L ?- Assuming fur- 

ther, that the leads are disposed so closely together that 

2«°2inr^' "'"""^ Adjacent 

^ds. the Jnterconnections between the leads 64 1 642 
643. and 644 may be carried out as illustrated in FIq' 
6A (signa, layer l) and FIG. 68 (signal layer 2). Spacing 
the lead layout in this manner minimljes the physical 
s.2e or footprint of the die. A similar signal path layout 
may also be provided for each of the other groups of die 
leads across the surface of the dye. As should be appre- 

i^^h'I'Jc ^ P^*^ ^►'e^ein the 

ead 645 IS connected to the lead 630, which is a dis- 

SI^,^^'*'''''"^'*'*' »he Width Of the chip. 

10035] The specific signal path routing, however is not 
deemed to form a part of the present invention. Rather 
the present invention is concerned with the general lay- 
out of the leads that reduces the length of signal routing, 
and thereby minimizes the latency associated with the 
Chip. In this regard, groiiping the high speed busses in 
the manner shown and closely grouping the leads of the 
awoaated low speed data busses as shown reveals 
that a signal path will not, in any instance, extend an the 
way across the width of the die 502. , 
10036] Leads 632 and 633 may also be providelj in the 
general location illustrated for carrying the source 
driven strobe signals. Also, power and ground leads 
(nrt shown) are preferably dispersed aaoss the bottom 
surface of the die and are preferably disposed near the 
signal pads. 

[0037] The foregoing description has been presented 
for purposes of illustration and desaiption. n is not 
intended to be exhaustive or to limit the invention to the 
precise forms disclosed. Obvious modifications or vari- 
a^ons are possible in light of the above teachings. The 
embodiment or embodiments discussed were chosen 
and desaibed to provide the best illustration of the prin- 
ciples of the invention and its practical application to 
thereby enable one of ordinary skill in the art to utilize 
"^"'^ embodiments and with various 
modifications as are suited to the particular use contem- 
plated. All such modifications and variations are within 
tne scope of the invention as determined by the 
appended claims when interpreted in accordance with 
the breadth to which they are fairly and legally entitled 



10 



IS 



20 



30 



35 



40 



45 



Claims 



50 2. 



ss 3. 



1. An integrated circuitpackage (100) havingaunique 
lead configuration comprising: 

a die (502) containing an Imegrated circuit, the 
die having a plurality of leads (504) for carrying 
electnca) signals to and from the integrated cir- 
cuit, the plurality of leads being disposed over a 
bottom side of the die; 

a mulfj-layer substrate (506) having at least two 
signal layers, the substrate being juxtaposed 
against the die (502) and having a plurality of 
contacts (507) disposed along a fop side to 
align with the leads (504) of the die (502) to 
carry the electrical signals to conductive paths 
w,th,n the at least two signal layers, the multi- 
layer substrate (506) having a larger adjoining 
surface area than the die (502) and having a 
plurality of leads (520) disposed acivss a bot- 
tom side for connection with a printed circuit 
boar<j (508). the on the bottom side being in 
communication with the leads of the top side bv 
way of the conductive paths- 
wherein the leads of the die are disposed in the 
foltowing configuration: 

at least two high speed rows (620 622) are 
disposed in parallel fashion near the center 
of the die (502). the high speed rows (620 
622) are for cairying high frequency elec- 
tncal signals; 

a first set (619) of at least two tow speed 
rows (624, 626. 628, 630) of leads dis- 
posed in parallel Itohion near a first side of 
the die (502). the at least to rows of leads 
being symmetrically disposed in parallel 
relation to the at least two high speed rows 
and spaced apart therefrom; and 

a second set (61 7) of at least two rows of 
leads disposed in parallel fashion near a 
second skle of the die. the at least to rows 
of leads being symmetrically disposed in 
parallel relation to the at least two high 
Veed rows (620, 622) and spaced apart 
therefrom. 

The integrated circuitpackage as defined in daim i 
further including a plurality of sections of leads *8- 

•"•e integrated circuit package as defined in claim2 
Wherein a majority of the conductive paths (623) of 

leads of the high speed rows extend in a substan- 
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uallyparalle. fashion to the highspeed rows. 

.^herein a ma,or:ty oHhe co ^^^^^ ^ , 
substrate ^^^Jf '!,;^Tc^' l^^^ in a substan- 

, Theinte,.tjci.c^j;j-^^^^^^^^^^^ , 
nals. 
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7. 



8. 



P"*" " ' ! «^ matrix op(»sl» » 
matrix. 

irequency signals (617. 619). 50 
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FIG. 4 (Prior Art) 
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